We have analyzed data from a field study in collaborative telelearning. The participants were students from three educational institutions in Norway. The goal of the study was to investigate how the students used a set of groupware tools to coordinate learning activities. We have used concepts from collaborative telelearning (Bourdeau & Wasson, 1997) and coordination mechanisms (Schmidt & Simone, 1996) as framework for analysis. Our findings indicate that students coordinate many activities by implicit, locally adopted resources instead of fully developed mechanisms. Three implicit resources were identified and named (no initial discussion, asymmetry of knowledge, and different expectations). These resources were not associated with any specific groupware features, but referred to the students' background knowledge and subjective interpretation of the activity. We end the paper by suggesting how implicit resources in distributed learning environments can play a role similar to how non-verbal cues -such as gesture and facial expression -play a role in face-to-face interaction, but without imitating human body language.
INTRODUCTION
We have studied a collaborative telelearning scenario (distributed collaborative learning activity) over a period of four weeks. The participants were students enrolled at three educational institutions in Norway (Univ. of Bergen, Stord/Haugesund Univ. College and Nord-Trondelag Univ. College). The students used a groupware system (TEAMWAVE WORKPLACE) to mediate all interactions, i.e., no face-to-face contact. The central research question we have asked is how the students coordinated their activities with the groupware facilities they had available. We used an ethnographic flavored approach to evaluate the activity.
We begin the paper by discussing coordination: How it is presented in the literature and how it is implemented in contemporary collaboration systems. Next, we present data of relevance to coordination and we discuss it by making a distinction between explicit and implicit coordination. We end the paper by proposing implications for design and implementation of coordination support in distributed learning environments.
COORDINATION IN COLLABORATION SYSTEMS
Coordination has been a research topic of considerable interest in the CSCL and CSCW communities for a relatively long period of time. Coordination can broadly be defined as how to support, manage, and justify collaborative interaction. Coordination has also been defined as "articulation work" (Strauss, 1985) : the organization of work that accompanies work (contacting people, scheduling meetings, division of labor, etc.) to ensure the latter's successful completion. We use both kinds of meanings in this paper, and we have identified three main strands of research of relevance to collaboration systems:
1. Executable coordination mechanisms (dedicated groupware features).
2. Articulated coordination mechanisms (groupware features + articulation protocols).
Coordination theories (conceptual and interdisciplinary frameworks).
Executable coordination mechanisms include computational artifacts for awareness sharing between collaborators (Dourish & Bellotti, 1992) and coordination languages for building such artifacts (Gelernter & Carriero, 1992; Cortes & Mishra, 1996) . Examples include explicit role assignment and access control facilities in collaborative writing environments (Edwards, 1996) , and the multi-user scrollbar widgets in the GroupKit toolkit (Gutwin, Stark & Greenberg, 1995) .
Articulated coordination mechanisms are shared artifacts with a set of conventions (articulation protocols) for how the artifacts should be used to support collaboration (Schmidt & Simone, 1996) . A shared artifact can be anything from a single communication tool (such as chat) to a complete application system. Application systems range from shared calendars to more advanced applications such as software configuration management (SCM) systems.
Coordination theory is the body of principles about how joint activities can be coordinated with an emphasis on managing their interdependencies (Malone & Crowston, 1992) . Coordination "binds" the different sub-activities together to create a meaningful piece of work (Iden, 1994) . Bourdeau and Wasson (1997) have elaborated on these principles by underscoring the need for supporting actor interdependencies as well.
The notion of coordination mechanisms we use in this paper is roughly equivalent to articulated coordination mechanisms (Schmidt & Simone, 1996) , but with some added modifications. Our focus has been to identify the shared artifacts and articulation protocols the students in our study have used to coordinate their telelearning activities. Our findings indicate that personal and informal resources accomplish a large portion of coordination work. We thus propose a distinction between explicit and implicit coordination resources, and in this paper we focus on identifying the implicit resources and how they are related to the explicit resources.
COORDINATION FACILITIES IN TEAMWAVE WORKPLACE
TEAMWAVE WORKPLACE (abbreviated WORKPLACE or just TW) is a groupware system with a set of shared tools for working and learning together. The tools are designed to support what people typically need when collaborating remotely, but may be used to support individual work as well. TW is based on the room metaphor (Henderson & Card, 1986) , and the tools can be used to "furnish" virtual places (Roseman & Greenberg, 1996) . The tools most frequently used by our students were Chat, Message Board, To-Do list, Meeting Roster, Brainstorm tool, Vote tool, Address Book, and Post-it notes. The screenshot in Figure 1 shows WORKPLACE with a user-defined configuration of some of the tools. Figure 1 . WORKPLACE tools. The screen dump shows the main room a group has created in order to learn about some topic of choice (in this case Java). The room is "furnished" with several shared tools selected from the Tools menu: A calendar, a message board, a to-do list, a meeting roster (iconified), and a post-it note. Other features include chat, file sharing, URL links and images.
We have compared the functionality of WORKPLACE with the notion of coordination mechanisms described by Schmidt and Simone (1996) . WORKPLACE provides a set of shared artifacts (groupware features), but has no established procedures or conventions for how they should be used to coordinate collaborative work. A reason for this is that WORKPLACE is a ready-made computer application that comes with a set of predefined groupware functionality, but with no culture or practice attached to it.
FIELD STUDY OF COLLABORATIVE TELELEARNING
We have conducted a field study of collaborative telelearning with TEAMWAVE WORKPLACE as the main groupware. The context of the study was a course in pedagogical information science taught by three different instructors at three educational institutions in Norway (Wasson, 1999) . Part of the course included a joint project between the three institutions that lasted four weeks. During this period the students had no face-to-face contact. Eleven teams each consisting of one member from each institution was formed to work on different learning activities. The teams used TW for the entire duration of the project, and five project facilitators (research assistants) were involved in various ways (making sure the system was up and running, providing technical help, collecting data, etc.).
Method
We take a socio-cultural perspective in our analysis and have studied the scenario from different views using different techniques (Wertsch, del Río & Alvarez, 1995) . The most important source of data was from observation of the students as they worked in WORKPLACE. When logged on, one of the authors (who was also a facilitator) could observe what the students did and track their changes. During and after the sessions the students were interviewed. We used both traditional face-to-face interviewing as well as "virtual interviewing." The latter kind was conducted in TW using the chat facility.
These ethnographic flavored approaches were augmented with more traditional HCI-oriented usability studies, including automatic logging of user interaction data, screen recording with LOTUS SCREENCAM™, and user satisfaction questionnaires. Part of the data was compiled by a "log analyzer" Java application developed by one of our project members (Meistad, 2000) . From the visual presentations output by this program we could easily observe how long the students were logged on and how they made roundtrips inside TW (from room to room). Since many of the TW tools were located inside rooms, the visiting behavior to and from the rooms gave us important information on how the activities developed over time.
Task
The learning scenario consisted of three organized activities:
1. Preparation: students at each site downloaded the software and filled in a user satisfaction questionnaire 2. Training: students completed a set of warm-up exercises.
3. Design: students collaboratively designed a WORKPLACE room (like the one showed in Figure 1 ).
In the design activity the students were told to design a WORKPLACE room for teaching a subject of their own choosing since the majority of them were in training to become teachers. The specific tasks for this were not predefined in advanced, but developed by the students themselves. The final product thus varied from group to group (e.g., geometry, polar beer habitats, JAVA programming). We focus here on the process.
FINDINGS
The field trial helped us to answer the research question we raised in the beginning: How the students coordinated their activities with the groupware facilities they had available. Our findings address coordination at the tool use level and are grouped as follows:
1. No initial discussion regarding use of tools.
Asymmetry of knowledge.
3. Different expectations regarding completion of action sequences.
We present and discuss these findings below.
No Initial Discussion
There were no prior agreement or discussion among the students for how to use the different tools before they started on the assignment. This would often lead to unanticipated situations. Most notably the students would use different tools to accomplish the same task. An example is a student who used a calendar in his own room to inform the rest of the group about his timetable, whereas the other two members used the message board in the main (shared) room for the same purpose. As a consequence considerable amount of time in this group was spent making roundtrips through the rooms to check for new information.
In another situation the students used a single tool for coordination, but it was at times inefficient or non-optimal for the work they were doing. The following interview excerpt illustrates this:
"Of course, when deciding on the task, we had to be online using the brainstorm-tool, but in the project itself, we could have managed with a Message Board, we leave messages and make comments."
This shows the group chose to use the brainstorm-tool as their main coordination mechanism even though they later understood it was not the most efficient means for this purpose. From a coordination mechanism perspective (Schmidt & Simone, 1996) this means that we have shared artifacts (e.g., a calendar, message board, or brainstorm tool) but there are no agreed upon procedure for how to use the tools, and no explicit procedure or convention for this was developed in the scenario.
Asymmetry of Knowledge
When there were no procedures for how to use the tools and none had been developed by the students nor suggested by us, the use of tools depended upon students' prior skills and new ideas for how the tools could be used. However, this would often lead to more work than was necessary. For example, two students put a lot of effort into using a message board for two-way communication, while the third member in the group only used the message board to read information. He would post comments and follow-up questions on a post-it note in his own room. The following is an excerpt from an interview with one of the students:
Interviewer: "I noticed that in your group you used different tools when sending messages to the group as a whole, and that you (Pam) This shows an asymmetry of knowledge since what was obvious for some was not obvious for others (i.e., the others did not interpret the situation in the same way as Pat did).
The students coped with these situations by workarounds that varied from user to user. Each student developed his or her own personal "style" of working, and when coordinating joint work they did so in ways that would accommodate the others' ways of (personal) working as well. Iden has reported similar findings in his thesis by concluding that there is always more than one way of coordinating in a particular situation, and that different people will choose different strategies for coordination when they have means for doing so (Iden, 1994) .
Different Expectations
When interaction between students required several rounds of turn taking the expectation for what constituted a complete action sequence would often be interpreted differently. For example, how to do things like discussing shared tasks were not as efficient as it could have been because of different expectations for how this should be done.
In a chat session one of the students would send suggestions and questions to the other two, but without getting any response. In the interview the two students explained their behavior in the interview by saying that by refraining from answering would be the same as saying "I agree". However, the student who proposed the suggestions was accustomed to getting some form of feedback. From her prior experience with Internet chat she knew she could at least expect a smiley (or some other form of informal feedback) in return. If she did not receive any feedback she felt ignored and interpreted this to mean that her suggestions were not well received by the others. Thus, different expectations.
Another student (in another team) answered the following when asked by the interviewer if someone commented on her work:
"No, they didn't. I only felt that when we were finished they found it OK. But I really didn't expect a lot of comments during the process anyway, because I believed that they felt that they had enough with their own part.
But I looked at what they had done, because I felt I had to, ha-ha, to say what I thought about it (…)."
This shows the students have different expectations for what it means to give feedback in remote collaboration. Again, we see that when procedures for how to use collaboration tools are missing coordination becomes a large amount of subjective interpretation of the shared artifacts and of the other participants' thoughts about the same issues.
Summary of Findings
Although explicit procedures for how to use the WORKPLACE tools were absent and the choice of tools would often seem arbitrary, the teams were able to successfully complete the activities. We interpret this to mean that each student created a repertoire of "personal styles" for how to use the tools and to coordinate joint work. These "coordination mechanisms" are different from the coordination mechanisms reported by Schmidt and Simone (1996) , and for this reason we call them implicit resources for coordination to stress their informal and subjective characteristic (a kind of tacit knowing). These resources were not built into the groupware system (as prescriptive features), but "built" by the students themselves in interaction with each other. The students would maintain their strategy of coordination throughout the project although it sometimes would be inefficient.
Our findings can thus be summarized as follows:
1. Choice of tools was not always optimal, but it did not prevent the students from completing the activity 2. Personal styles of coordination were developed in lack of conventions or well-defined procedures 3. The styles were easily amenable to local interpretation and mutual adaptation 4. Three implicit resources for coordination were identified and named
DISCUSSION
Our findings have been labeled implicit resources for coordination. We explain the distinction between implicit and explicit resources by making an analogy to face-to-face interaction, in particular to the role body language and speech acts play in spoken conversation. We argue that informal resources can be seen as the "body language" of remote collaboration. By body language is meant the perceptual cues we implicitly use and take-for-granted in faceto-face speech, such as facial expression, gesture, and voice intonation. Contrary to this, speech acts are explicit resources (a conceptual tool for analyzing conversation). In regard to this we make a parallel between speech acts and "collaboration patterns." Collaboration patterns are the "speech acts" of remote collaboration. This is further elaborated below.
In a face-to-face situation, the spoken utterance is the main information carrier. When unambiguously uttered it conveys an intended meaning to its listeners. A prerequisite for this is that the communicating parties share the same language (e.g. English or Norwegian) and a set of conventions underlying its use (including culturally developed speech acts). Language and speech acts (when learned) are examples of what we mean by explicit resources. By explicit is meant they can be associated with conceptual entities such as words, physical "things" as referents, and people as in names, as well as the relationships between words, "things", and people. Speech acts are conventions for communication held by members of organized communities in order to make spoken utterances mutually intelligible. In previous research, speech acts have been used as tool for analyzing and classifying spoken conversations in various domains of action, including healthcare practice (Winograd, 1988) . Examples of speech acts are the types of conversations carried out by nurses in a hospital ward: reporting, deciding, reminding, and investigating (Kaasbøll, 1986; Winograd, 1988) . Instances of these were found in the interview data studied in the Florence project (Kaasbøll, 1986) . The results were later used, among others, as model for building some of the first collaboration systems, including the COORDINATOR (Winograd, 1988) . Implicit resources, on the other hand, are the informal, taken-for-granted cues we use in everyday conversation, including voice intonation, body position, and gesturing. These resources are different from speech acts. Implicit resources are associated with people and their activities, but not with specific words, physical things, or their relationships. Implicit resources are important assets in spoken conversation, for example during repair in speech. When identifying and repairing problems-which may range from "what to say next" to modifying the intended meaning of an utterance-implicit resources are often more useful than explicit resources.
In Figure 2 we have visualized the triadic relationship between the three aspects of face-to-face conversation: Spoken utterances, explicit resources (Speech acts, language, tools) and implicit resources (body language) each representing mutually exclusive aspects of a dialog situation. We extend the argument to remote collaboration by analogy. The relationship between speech acts, body language, and spoken utterances is seen as analogous to the relationship between collaboration patterns, implicit resources, and mediated interaction in collaborative telelearning. This relationship is displayed in Figure 3 and we explain the different aspects of the relationship below. Mediated interaction is what the students do, e.g. using a groupware system to interact in order to accomplish learning objectives. This will often occur without following an interaction pattern. However, in our studies we have identified patterns of WORKPLACE use that can be generalized across individual sessions. These patterns are coordination mechanisms at a general level and can be (re) used to identify and classify instances of mediated interaction. We can treat them as "speech acts" at the activity level since they define recurring relationships between people, tools, and tasks in collaborative telelearning situations. The following four collaboration patterns have been observed more than once in the VisArt scenario we described above (Wasson & Mørch, 2000) : 2. Coordinated desynchronization: This pattern describes how coordination of activities between team members changes after they have identified a common goal. Synchronized interaction is gradually replaced by asynchronous interaction.
Constructive commenting:
This pattern describes commenting behavior. Comments that are neutral (e.g., just to the point) are perceived to be less useful than comments that are constructive (e.g., suggesting what to do next) and supportive (e.g. encouraging).
Informal language:
This pattern describes how interaction often starts in a formalistic style and gradually becomes more informal as students get to know each other. Frequent use of slang words, local dialects, and uncompleted sentences are common in instances of this pattern.
The listing of collaboration patterns is part of an ongoing effort of identifying classification mechanisms to help us analyze interaction data in collaborative telelearning. Although we have labeled them by the term "collaboration", they do not always describe a preferred situation. The adaptation pattern, for example, may lead the to students to follow an approach to interaction that is less efficient than it could have been if another (more optimal) strategy had been chosen.
There are differences between collaboration patterns and speech acts, both in level of analysis and in mode of analysis (i.e., face-to-face versus remote collaboration). Despite of this, there are similarities between them that merit comparison. First, they are both used as conceptual tools for analyzing and classifying interaction data. Second, and related, they are recognizable by someone (a person, or a software agent) who is able to classify a situation as either corresponding to a pattern or not corresponding to it.
Collaboration patterns can be distinguished from implicit resources in that the former can be written down as semiformal rules whereas the latter is informal and personal (subjective experience). A collaboration pattern describes a recurrent situation, whereas the resources we reported above were unique and involved only one or a few of the characteristics of a collaborative situation. The adaptation pattern, for example, describes a relationship between people, tools, and tasks at a general level, whereas the "Asymmetry of knowledge" resource describe a characteristic of people in more detail. We anticipate implicit and explicit resources to be related in non-trivial, reciprocal ways. The nature and significance of this relationship is outside the scope of this paper.
We have argued that implicit resources are the "virtual equivalent" of body language since both types of implicit resources are associated with informal, situation-specific cues people indirectly use and take for granted in collaborative interaction (i.e., a kind of tacit knowing). These resources provide an important awareness of other people's activities and their level of participation. We discuss the design implications of this for remote collaboration in the remainder of the paper.
IMPLICATIONS FOR DESIGN AND IMPLEMENTATION
Previous work on computer support for coordination includes workspace awareness widgets (Dourish & Bellotti, 1992; Gutwin, Stark & Greenberg, 1995) . These groupware features help learners maintain global awareness of other users' activities in the shared workspace (multiple cursors, different views of each other's activities, interaction histories, etc.). This information will in many situations improve the coordination, especially in collaborative intensive tasks since part of the context is made visible. A potential scaling problem, however, is that information which used to be implicit (peripheral, tacit) has become explicated and thus inadvertently made part of the users' focal awareness. A net effect of this is additional demand put on the learners' limited attention span. This increase in attention demand will compete with the attention required for learning.
Polanyi has discussed the difference between peripheral and focal awareness in everyday activities (Polanyi, 1958) . Peripheral awareness provides a tacit background for focal awareness. An example he gives is how the palm of a hand provides a background for driving a nail into wood while hammering. The peripheral awareness of the hand helps a person emphasize, adjust, and balance the actions. A shift to the background takes place when focal awareness "breaks down" (e.g. the hammer is too heavy, or the shaft breaks). The two modes are mutually exclusive and attention to one will typically prevent (or make difficult) attention to the other. Bringing the two together may cause information overload.
We propose an approach to system design -inspired by Polanyi but different from past work on coordination -that does not attempt to imitate body language in support of coordination, but to use it through analogy. Our empirical findings indicate that collaborative telelearning can be more efficient if more attention is paid to informing the participants about the affordances and limitations of coordination and collaboration. For example, the implicit resource "No initial discussion" can inform students in distributed settings that their choice of collaboration tool may be arbitrary and even inefficient for the task at hand. Similarly, the "Adaptation" pattern may not always lead to best practice.
The approach we are currently pursuing is to build "dissemination engines" that will inform learners about general principles of collaboration and coordination. We have dubbed this "conceptual awareness on demand", and this is (to the best of our knowledge) a new type of scaffolding in virtual learning environments. The conceptual level exploits the constraints and affordances of collaborative telelearning, and it attempts to bring general information about coordination and collaboration to the users' attention in ways that are different from information presentation in face-to-face situations (Hollan & Stornetta, 1992) . Gutwin, Stark and Greenberg (1995) have identified four kinds of awareness of importance in educational groupware (social, task, concept, and workspace awareness). Social awareness and concept awareness are especially relevant to our work. Social awareness is awareness about the social connections within a group, and concept awareness is awareness about how a particular piece of knowledge fits into the students' existing knowledge. Previous attempts to implement concept awareness mechanisms include critics (Fischer et. al., 1991) and coaches (Suthers & Weiner, 1995) . Critics and coaches are software agents that provide feedback to users when there is mismatch between the system's models and examples and the students' partial solutions. The agents can advice the students for how to improve their actions in these environments.
We are in the process of designing a "pedagogical agent" system that can "monitor" the students' collaborative interactions in a virtual learning environment and provide feedback to them upon demand. A preliminary investigation of this with the "Wizard of Oz" technique indicates that the agents can make learners aware of problems, concepts, and relations they previously were unaware of (Jondahl & Mørch, 2001) . When the agents intervene, they often create a "breakdown" in the users' activity. This breakdown can lead to shift in focus, e.g., from an operational mode of working to a reflective (abstract) mode of thinking. Reflection is again a stepping-stone to learning since it gives students extended time to think about a problem, a concept or a relation in a context in which it is relevant. This is currently a working hypothesis, and implementation and evaluation of this is part of future work.
CONCLUSIONS
We have reported findings from a field study of collaborative telelearning (distributed on-line learning) where students at three different educational institutions in Norway collaborated over a period of four weeks to build computer-based artifacts of relevance to teacher training without meeting each other face-to-face. Our focus in the study has been to identify how students used coordination mechanisms to organize joint activities. Our findings and subsequent discussion indicate there are resources for coordination that differ from explicit coordination mechanism. These resources are implicit (i.e., not directly associated with groupware features) and refer to the students' background knowledge and subjective interpretations. The resources compensated for the lack of well-defined coordination procedures.
Three implicit resources were identified and named (no initial discussion, asymmetry of knowledge, different expectations). We consider them a first step toward computer-support for "conceptual awareness": dissemination mechanisms that present information of a group's collaboration and coordination activities on demand in order to guide the group in improving these processes.
